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Synthesis of compound 3f
To a 100 mL two-neck round-bottom flask, 20 mL anhydrous toluene, compound 5 161.9, 159.5, 155.7, 154.0, 149.8, 147.5, 146.4, 144.1, 144.0, 143.5, 139.3, 138.8, 136.6, 134.1, 127.5, 127.4, 127.1, 126.9, 126.5, 125.8, 123.9, 121.4, 121.1, 120.7, 119.7, 119.5, 117.9, 114.9,113.5, 106.5, 104.7, 100.7, 68.3, 67.9, 67.7, 31.0, 30.9, 31.8, 30.7, 28.7, 28.6, 28.3, 25.2, 25.0, 22.0, 21.8, 13.5, 13.3 
Synthesis of compound M52A
To a stirred solution of compound 7 (193 mg, 0.21 mmol) and cyanoacetic acid (26 mg, 0.31 mmol) in acetonitrile (8 mL) was added chloroform (4 mL) and piperidine (61 μL, 0.56 mmol). The reaction mixture was refluxed for 8 hours. Additional cyanocertic acid (18 mg, 0.33 mmol) and piperdine (40 μL , 0.36 mmol) were added.
The mixture was refluxed continued for 8 hours and then acidified with 1 M hydrochloric acid aqueous solution (30 mL). The crude product was extracted into CH 2 Cl 2 , washed with water, and dried over anhydrous Na 2 SO 4 . After removing solvent under reduced pressure, the residue was purified by column chromatography 2, 156.3, 154.5, 148.3, 144.5, 144.1, 139.8, 137.3, 134.7, 128.2, 127.8, 127.6, 127.5, 127.1, 126.5, 121.9, 121.7, 121.4, 120.3, 119.8, 118.7, 115.6, 114.3, 107.0, 105.4, 101.4, 68.9, 68.5, 68.3, 31.6, 31.4, 29.3, 29.3, 28.9, 25.8, 25.6, 22.6, 22.4, 14.0, 13.9 
Optical and Electrochemical Measurements.
The absorption spectra of dyes and sensitized films were measured by SHIMADZU UV-2600 spectrophotometer. Fluorescence measurements were carried out with a HITACHI F-4500 fluorescence spectrophotometer.
Cyclic voltammetry (CV) measurements for sensitized films were performed on a Zennium electrochemical workstation (ZAHNER, Germany), with sensitized electrodes as the working electrode, Pt-wires as the counter electrode, and an Ag/AgCl electrode as the reference electrode at a scan rate of 50 mV s -1 .
Tetrabutylammonium perchlorate (TBAP, 0.1 M) and MeCN were used as supporting electrolyte and solvent, respectively. The results were calibrated using ferrocene as standard. In this work, the LUMO of these dyes were Charge densities at open circuit and intensity modulated photovoltage spectroscopy (IMVS) were performed on a Zennium electrochemical workstation (ZAHNER, Germany), which includes a green light emitting diode S5 (LED, 532 nm) and the corresponding control system. The intensity-modulated spectra were measured at room temperature with light intensity ranging from 5 to 75 W m -2 , in modulation frequency ranging from 0.1 Hz to 10 kHz, and with modulation amplitude less than 5% of the light intensity.
Fabrication and Characterization of DSSCs
The TiO 2 paste (particle size, 20 nm) was printed on a conducting glass 
